In the single-state-dominance hypothesis ͑SSDH͒ the decay rate of the two-neutrino double-␤ decay to the final ground state is solely determined by virtual single-␤-decay transitions via the 1 ϩ ground state of the intermediate nucleus. A very important consequence the SSDH will be that some of nonaccelerator measurements of double-␤-decay observables could be circumvented by single-␤-decay measurements. To assess the validity of the SSDH, we have carried out a theoretical analysis of all double-␤-decay transitions where the spin-parity of the ground The role of the Gamow-Teller giant resonance in this context was discussed in ͓8͔. On the theoretical side the importance of lowest-lying 1 ϩ states was suggested by shellmodel calculations ͓9,10͔. However, a systematic theoretical study of these transitions has not been reported yet. The importance of such a study is emphasized by the implications of the SSDH on the extraction of double-␤-decay half-lives: the half-lives can be determined from single-␤ Ϫ and electron-capture measurements.
In the single-state-dominance hypothesis ͑SSDH͒ the decay rate of the two-neutrino double-␤ decay to the final ground state is solely determined by virtual single-␤-decay transitions via the 1 ϩ ground state of the intermediate nucleus. A very important consequence the SSDH will be that some of nonaccelerator measurements of double-␤-decay observables could be circumvented by single-␤-decay measurements. To assess the validity of the SSDH, we have carried out a theoretical analysis of all double-␤-decay transitions where the spin-parity of the ground-state of the intermediate nucleus is 1 ϩ . The calculations indicate that the doubleelectron emitters, as well as the less explored double-positron emitters, show evidence of the SSDH.
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PACS number͑s͒: 23.40. Bw, 23.40.Hc, 21.60.Jz, 27.60.ϩj Two-neutrino nuclear double-␤-decay transitions (2␤ Ϯ ␤ Ϯ ) are examined as second-order processes in perturbation theory ͓1͔. The available data on these transitions can be found in Refs. ͓2,3͔. The calculation of decay rates involves a summation over intermediate states, which belong to the spectrum of states of the double-odd nucleus (A, N ϯ1, ZϮ1) in the decay chain connecting the initial (A,N,Z) and final (A, Nϯ2, ZϮ2) nuclei. In this decay Gamow-Teller transitions are the dominant ones allowed by the angular-momentum, parity and isospin selection rules. Some time ago it was suggested by Abad et al. ͓4͔ that Cd, have been reported by García et al. ͓5͔, Akimune et al. ͓6͔, and Bhattacharya et al. ͓7͔ . The role of the Gamow-Teller giant resonance in this context was discussed in ͓8͔. On the theoretical side the importance of lowest-lying 1 ϩ states was suggested by shellmodel calculations ͓9,10͔. However, a systematic theoretical study of these transitions has not been reported yet. The importance of such a study is emphasized by the implications of the SSDH on the extraction of double-␤-decay half-lives: the half-lives can be determined from single-␤ Ϫ and electron-capture measurements.
In this article we show the results of a systematical study, concerning both single-and double-␤-decay observables, of all the double-␤-decay systems which meet the requirement of the SSDH about the spin of the ground state of the intermediate nucleus. The studies are further extended to double-␤-decay transitions to excited final states of spin-parity 0 ϩ to see if the SSDH can be applied to all 0 ϩ final states reached in the 2␤␤ decays of the nuclei of interest in the SSDH.
The calculations have been performed by using the proton-neutron quasiparticle random phase approximation (pnQRPA͒ ͓11͔ to describe the states of the double-oddmass nuclei and the proton-proton and neutron-neutron ( pp ϩnn QRPA͒ formalism to describe the excited states of the final nuclei participant in a given decay chain. The details of the formalism are reviewed in ͓12͔. The single-particle basis, used to calculate quasiparticle excitations, were constructed with the solutions of the Woods-Saxon central potential for each mass region included in the calculations. The Coulomb correction was added to describe proton states. Matrix elements for the effective two-body interaction were extracted from the G matrix constructed with the Bonn one-bosonexchange potential ͑OBEP͒ of ͓13͔. Monopole terms of the interaction between like particles ͑proton-proton and neutron-neutron channels͒ were renormalized to account for the observed odd-even mass differences. The empirical values of the pairing gap parameters were reproduced with accuracies of the order of 50-100 keV for all the nuclei included in the systematics. Energies of some single-particle levels around the proton and/or the neutron Fermi surfaces were adjusted to reproduce the observed single-quasiparticle spectrum of even-odd and odd-even mass nuclei in the neighborhood of the initial and final even-even nuclei participant in the double-␤ decays.
Concerning the excitations in the double-odd-mass nuclei, the strength of the residual interaction between protons and neutrons in the particle-hole channel was chosen to reproduce the empirical position of the giant Gamow-Teller resonance within one MeV. The strengths for the monopole and quadrupole interactions between like-particle pairs of quasiparticles in the initial and final double-even nuclei were renormalized in such a way that the observed energies of the first excited one-phonon, states were reproduced by the QRPA calculations. The spurious monopole state at zero energy was removed from the QRPA solutions. With the resulting set of wave functions we have calculated the matrix elements for single-␤ Ϫ -decay and electron-capture transitions feeding low-lying states of the initial and final nuclei. In this manner the structure of the wave function of the first excited 1 ϩ state ͑i.e., the ground state of the intermediate nucleus͒ was tested independently of the double-␤-decay observables. The strength of the particle-particle interaction between protons and neutrons ͓12͔ g pp was chosen to reproduce, as well as possible, the experimental log f t values for transitions feeding the initial ground state and the final ground and excited states.
In the present article we have analyzed single ␤ Ϫ -decay and electron-capture data, as well as double-␤-decay transitions, in the following double-␤ Ϫ -decay systems: Pd. In order to test the validity of the SSDH, we have extracted the matrix elements corresponding to the single-␤ Ϫ and electron-capture decays from the measured log f t values. With these values and the corresponding observed transition-energies (Q values͒ we have calculated the dimensionless double Gamow-Teller ͑DGT͒ matrix element connecting the initial and final ground states as
where m e is the electron rest mass, and we adopt the values Dϭ6147 and g A 2 ϭ1.0 for the ␤-decay constant and the axialvector coupling strength, respectively. The general theoretical expression for the matrix element governing the twoneutrino mode of the nuclear double-␤ decay, from an initial ground state,
where the sum extends over all 1 ϩ states of the intermediate nucleus. 
where the overlaps ͗1 m Ј ϩ ͉1 m ϩ ͘ between the two sets of pn-QRPA solutions are added to account for the matching of the intermediate 1 ϩ states ͓12͔. The structure of the matrix elements, for virtual single-␤-decay transitions from a pnphonon state to a ppϩnn-phonon state, is given in ͓12͔.
The double-␤-decay half-life t 1/2 (2) can be obtained from the expression
where 0 F ϩ can either be the ground state or an excited 0 ϩ state of the double-␤-decay daughter, and G DGT (2) (0 F ϩ ) is the corresponding integrated kinematical factor ͓14,15͔. In correspondence with the matrix element ͑1͒, the SSDH is realized in the numerical calculations by restricting the summation in Eq. ͑2͒ to the first pn-QRPA eigenstate.
The results for the transitions to the final ground state are shown in Table I both for the double-␤-decay electron and positron emitters. In this table the extracted matrix elements are compared with the calculated ones. Both the contributions of the first excited 1 ϩ state and the total contribution ͓sum over all m in Eq. ͑2͔͒ are shown. One can see from these results that the theory predicts the correct order of magnitude for the M DGT (2) in spite of differences in the singleelectron-capture matrix elements. It is also noted that the SSDH matrix element ͑1͒ agrees quite well with the calculated total matrix element ͑2͒.
From the Cd decay, the theoretical total matrix element is about half the contribution due to the first 1 ϩ state but those contributions do not differ much from the extracted values. As a matter of fact, a good description of the 100 Mo double ␤ decay has proved to be unfeasible by the present type of theoretical framework ͓16,17͔, most likely due to deformation effects.
In light of the previous discussion it seems that there is both experimental and theoretical evidence on the realization of the SSDH for the ground-state transitions. One has to stress that the theoretical values displayed in Table I were obtained with a value of g pp which reproduces as well as possible the known EC and ␤ Ϫ decay rates. As a measure of the accuracy of the used method we refer to the results of Fig. 1 where the theoretical log f t values are compared with the available data. For the present calculations the adopted values of g pp are of the order of unity for the double electron emitters and some 30% less for the double positron emitters.
In spite of the absence of data on double-␤-decay transitions to excited states of the final nucleus, the presence of the same sort of dominance upon these transitions can be determined by performing a similar analysis as was done for the ground-state-to-ground-state transitions. According to Barabash ͓18͔ the matrix elements governing double-␤-decay transitions to the first excited 0 ϩ state should compare favorably with the matrix elements for the ground-state-toground-state transitions. However, the comparison of theoretical results with the few available pieces of experimental information ͑decay of 100 Mo͒ does not support the statements of Ref. ͓18͔, in particular when the excited 0 ϩ states are described as members of the two-quadrupole-phonon triplet ͓12͔. It thus becomes natural to investigate what is the structure of these states and whether the SSDH applies also to the double-␤-decay transitions to them.
In the present study we have extended the hypothesis of ͓18͔ by assuming that some of the lowest-lying excited 0 ϩ states can be of a single-phonon character, and we have calculated single-and double-␤-decay rates to these states accordingly. At the same time we have performed detailed calculations of the decay of the 1 1 ϩ intermediate ground state to excited 2 ϩ and 0 ϩ states both for the electron as well as the positron emitters. A detailed discussion of the results will be presented elsewhere ͓19͔. As examples we shall discuss the cases of Table II . We have computed those final states as monopole vibrations and as two-quadrupole-phonon states. As seen from these results the matrix elements for transitions leading to one-phonon states have larger matrix elements than the transitions to twoquadrupole phonon states and in all cases the SSDH is clearly present. In conclusion, it is found that the single-state-dominance hypothesis introduced by Abad et al. ͓4͔ and explored in the works of Akimune et al. ͓6͔ and García et al. ͓5͔ , is strongly supported by the present theoretical results since in the majority of the studied cases either a clear theoretical singlestate dominance or an evolution of the calculated total DGT matrix element towards the extracted SSDH value of the matrix element ͑for double positron emitters͒ was observed. An even more striking theoretical single-state dominance was observed for the DGT decays to excited 0 ϩ states. In this study both one-phonon and two-phonon monopole states of spherical nature were examined. The nuclei considered in the present paper are located in a specific region of the nuclear chart, namely, the proton and neutron Fermi surfaces are found near g 9/2 and g 7/2 orbitals, respectively. In this region a 1 ϩ state appears as the ground state or a very low-lying state in odd-odd nuclei, and much of the Gamow-Teller transition strength, except that to the giant resonance, is concentrated on these states. It might be that the single-state dominance does not apply to other double-␤-decay systems where the locations of the Fermi surfaces do not favor low-lying 1 ϩ excitations in the intermediate nucleus.
It is evident that more experimental information about double-␤-decay transitions to excited states is needed. Particularly it would be important to gain information on transitions to excited 0 ϩ states because the calculated matrix elements are of the same order of magnitude or even larger than the matrix elements corresponding to transitions to the final ground state. Furthermore, the single-state dominance, if realized, would be useful for experiments on nuclei whose half-lives of two-neutrino double-␤ decay are not known. Even if not being exact, but only very approximate, the SSDH would still help in giving order-of-magnitude estimates for the double-␤-decay half-lives. 
